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flatness is extremely high and a reflection loss rarely exists is achieved, 
thus achieving manufacture with high reproducibility and yields. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] : " 

[Claim 1] The manufacture approach of the AIGalnN system semiconductor device characterized by having the process 
which forms a separation slot by irradiating pulse laser beam light at least at either among the crystal section of the 
AlxGaylnzN (x+y+z=1) system crystal constituted on the substrate, and the substrate section. 

[Claim 2] The manufacture approach of the AIGalnN system semiconductor device characterized by having the process 
which performs isolation by irradiating pulse laser beam light at least at either among the crystal section of the AlxGaylnzN 
(x+y+z=1) system crystal constituted on the substrate, and the substrate section. 

[Claim 3] The manufacture approach of the AIGalnN system semiconductor device according to claim 1 or 2 characterized 
by the exposure field and the non-irradiating field of pulse laser beam light being periodic. 

[Claim 4] The manufacture approach of the AIGalnN system semiconductor device according to claim 3 characterized by a 
pulse laser beam **** exposure field including the resonator side formation field of a laser diode. 

[Claim 5] The manufacture approach of the AIGalnN system semiconductor device characterized by including the process 
which forms a separation slot in the crystal section and the rear face substrate section of an AlxGaylnzN (x+y+z=1 ) 
system crystal which were constituted on the substrate , and the process which irradiates pulse laser beam light in either 
at least among said separation slots , and carries out additional processing of said separation slot . 

[Claim 6] The manufacture approach of the AIGalnN system semi-conductor light emitting device characterized by having 
the process which accompanies the separation slot formed according to the process including the process which irradiates 
pulse laser beam light, and produces the resonator side of a laser diode by carrying out a cleavage. 

[Claim 7] The manufacture approach of the AIGalnN system semi-conductor light emitting device characterized by having 
the process which produces the resonator side of a laser diode by irradiating pulse laser beam light. 

[Claim 8] It is the manufacture approach of an AIGalnN system semiconductor device given in any 1 term among claims 1-7 
characterized by basing the separation slot formation approach by pulse laser beam light exposure on multiple photon 
process. 

[Claim 9] The manufacture approach of an AIGalnN system semiconductor device given in either of claims 1-8 
characterized by a substrate being sapphire. 

[Claim 10] The manufacture approach of the AIGalnN system semiconductor device characterized by having the process 
which performs recessing to at least one side among a substrate front face or a rear face, and the process which produces 
an AIGalnN system semiconductor device on said substrate. 

[Claim 11] The manufacture approach of the AIGalnN system semiconductor device according to claim 10 characterized by 
modulating the period of recessing in a substrate. 

[Claim 12] The manufacture approach of the AIGalnN system semiconductor device according to claim 10 or 11 
characterized by modulating the processing depth of flute in a substrate. 

[Claim 13] The AIGalnN system semiconductor device characterized by having the substrate which performed recessing to 
either [ at least ] the front face or the rear face. 

[Claim 14] The AIGalnN system semiconductor device characterized by the period of recessing becoming irregular in a 
substrate. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the AIGalnN system semi-conductor light emitting device and the 
manufacture approaches in wavelength regions, such as blue, green, and red, such as semiconductor laser and light emitting 
diode, from ultraviolet [ from which the application to optical information processing, a display, the lighting field, etc. is 
expected ]. 
[0002] 

[Description of the Prior Art] Promising ** of the III-V nitride semi-conductor which has nitrogen (N) in V group element is 
carried out as an ingredient of a short wavelength light emitting device from the magnitude of the band gap. Especially, 
research is done briskly and, as for the gallium nitride system compound semiconductor (GaN system semi-conductor: 
AlxGaylnzN (0<=x, y, z<=1, x+y+z=1)), blue light emitting diode (LED) and green LED are put in practical use. Moreover, the 
semiconductor laser which has oscillation wavelength on 400nm band is desired for large-capacity-izing of an optical disk 
unit, semiconductor laser made from a GaN system semi-conductor attracts attention, and practical use level is reached in 
current. 

[0003] Drawing 10 is a structure section Fig. of GaN system semiconductor laser where laser oscillation is attained, the 
Lord of silicon on sapphire 1001 — C side top — metal-organic chemical vapor deposition (MOVPE law) — the GaN buffer 
layer 1002, the n-GaN layer 1003, the n-AIGaN cladding layer 1004, the n-GaN lightguide layer 1005, and Ga1-xInxN/Ga1- 
ylnyN (0<y<x<1) from — the multiplex quantum well (MQW) barrier layer 1006 which changes, the p-GaN lightguide layer 
1007, the p-AIGaN cladding layer 1008, and the p-GaN contact layer 1009 grow. And a ridge stripe with a width of face of 
about 10 microns is formed from width of face 3 on the p-GaN contact layer 1009, and the both sides are embedded by 
SiO21011. The n electrode 1012 which consists of Ti/aluminum is formed in the front face etched until the n-GaN layer 
1003 exposed after that the p electrode 1010 which consists of nickel/Au, and the part on a ridge stripe and SiO2101 1. If 
the n electrode 1012 is grounded in this component and an electrical potential difference is impressed to the p electrode 
1010, the n electrode 1012 side to an electron will be poured in for a hole from the p electrode 1010 side toward the MQW 
barrier layer 1006 again, optical gain will be produced within said MQW barrier layer 1006, and the laser oscillation of an 
oscillation wavelength the band of 400nm will be started. Oscillation wavelength changes with the presentations and 
thickness of a Ga1-xInxN/Ga1-yInyN thin film which are the ingredient of the MQW barrier layer 1006. Continuous 
oscillation beyond a current room temperature is realized. 

[0004] By controlling the width of face and the height of a ridge stripe, a device which carries out laser oscillation by the 
basic mode in the horizontal transverse mode accomplishes this laser. That is, the oscillation by the basic transverse mode 
is enabled by preparing a difference in the optical confinement factor of the basic transverse mode and the higher mode 
(primary more than mode). 

[0005] After carrying out [ grind / the rear face of silicon on sapphire 1001 ] (for example, after the resonator side of laser 
puts in the scribe blemish which serves as a guide of separation using a diamond cutter etc.), the cleavage of it is carried 
out by the Ath page (1 1-20) (field) of sapphire, and the Mth page (1-100) (field), and the technique of exposing the Ath 
page of the AIGalnN system crystal which carried out crystal growth by dry etching, or the Mth page is used. 
[0006] Moreover, not only laser but in case it produces AIGalnN system light emitting diode (LED), a diamond cutter etc. is 
used like said approach as the isolation approach, a separation slot is put into a crystal [ of a component ], or substrate 
side, or the process of said cutter cutting directly mechanically is performed. 

[0007] On the other hand, although sapphire, SiC, NGO, etc. are used for the substrate of an AIGalnN system crystal, it is 
difficult for any substrate not to carry out lattice matching to GaN, but to obtain coherent growth, consequently, the case 
where there were many rearrangements (edge dislocation, a screw dislocation, mixed dislocation), for example, they use 
silicon on sapphire — about 1 — the rearrangement of x109cm-2 exists. Consequently, the fall of the dependability of 
semiconductor laser is caused. 

[0008] The selection longitudinal direction growth (ELO) using the dielectric mask and the processing substrate as the 
approach of dislocation density reduction is proposed. This has effective grid mismatching as an approach of reducing a 
penetration rearrangement, in a large system. 

[0009] Drawing 1 1 expresses typically distribution of the rearrangement of the GaN crystal formed by ELO. drawing 1 1 (a) - 
- like — first — a silicon-on-sapphire 1101 top — MOVPE — the GaN layer 1102 is deposited by law etc. After depositing 
SiO21103 in CVD etc., SiO21103 is processed in the shape of [ periodic ] a stripe by photolithography and etching. The 
GaN layer 1104 is deposited with selective growth by using as seed crystal the part which GaN1102 exposed, as the growth 
approach — MOVPE — law and HVPE — law is used. Although the field 1 106 with many abbreviation 1x109cm-2 and the 
rearrangement in the upper part of seed crystal exists, dislocation density can be reducing the part which carried out 
longitudinal direction growth to about [ 1x1 07cm - ] two. It becomes possible to raise dependability by forming an active 
region, i.e., a current impregnation field, in the upper part of the field 1105 with few this rearrangement. Moreover, like 
drawing 1 1 (b), level difference processing is performed to silicon on sapphire 1 107 in the shape of [ periodic ] a stripe by 
dry etching etc., and longitudinal direction growth of the GaN layer 1 108 is carried out after that. The field 1110 with few 
rearrangements is formed on the opening 1109 produced in longitudinal direction growth. It becomes possible to raise 
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dependability by forming an active region, i.e., a current impregnation field, in the upper part of the field 1110 with few this 
rearrangement. 

[0010] When selection longitudinal direction growth is used, a laser cavity exposes the Ath page of an AIGalnN system 

crystal, or the Mth page for a substrate using a cleavage or dry etching. 

[0011] 

[Problem(s) to be Solved by the Invention] however, by the formation approach of the above-mentioned laser cavity For 
example, when the cleavage approach is used and an AIGalnN system crystal is grown up on the sapphire C side 51, as 
shown in drawing 5 (a), Mth page 51 and the Mth page of an AIGalnN system crystal of sapphire, since 52 [ 30-degree ] 
shifts and its 53 corresponds the Mth page of sapphire, and the Ath page of an AIGalnN system crystal, if the cleavage of 
the silicon on sapphire is carried out, the field shifted 30 degrees will be mixed at random, and the irregularity of several 
100nm will enter. If such irregularity goes into a resonator side, the mirror loss of a laser beam will increase and increase of 
the operating current of semiconductor laser, as a result the fall of dependability will be brought about. Furthermore, in 
order that the irregularity in said resonator side may enter at random, it is difficult to produce a resonator side with a fixed 
reflection factor with sufficient repeatability, and that the yield becomes low poses a problem. 
[0012] Even if it uses dry etching as the formation approach of a resonator, the same trouble occurs. 
[0013] Moreover, as shown in drawing 5 (b), when the separation slot 56 is formed using a diamond cutter, a crack and a 
blemish 57 go into a slot periphery. If this blemish goes into a part for the AIGalnN system laser resonance vessel part 58, a 
laser oscillation property will be reduced remarkably. Since a micro, further more small defect is also generated by the 
luminescence field of AIGalnN system laser, the dependability of laser also falls remarkably. Therefore, it is necessary to 
keep away the separation slot 56 from a part for the AIGalnN system laser resonance vessel part 58 as much as possible, 
and to shorten a separation slot as a result by this approach, however, the time of producing the AIGalnN system laser bar 
57 according to a cleavage, since the crystal face of silicon on sapphire and an AIGalnN system crystal is not in agreement 
as said drawing 5 (a) explained if a separation slot is short — from the both ends of a substrate — linear — a cleavage — 
it cannot do — on the way — coming out — from a separation slot — swerving — low — only a yield cleavage is made. 
[0014] Moreover, if the AIGalnN system laser structure 72 is grown up using the mask substrate and level difference 
processing substrate which performed silicon on sapphire or periodic processing as shown in drawing 7 (a), it originates in 
the grid mismatching and thermal-expansion mismatching between a substrate and an AIGalnN system crystal, and the 
problem that the whole EPI substrate will curve after AIGalnN system crystal growth occurs. In a laser production process, 
in order to become a serious failure at the alignment at the time of producing the ridge stripe for a current constriction and 
to acquire a resonator side by the final process, when carrying out the cleavage of the curvature of a substrate, it does not 
break linearly but causes a low yield. 

[0015] This invention is made in view of the above-mentioned situation, and offers the approach of producing a reliable 
nitride semiconductor device with the sufficient yield. In the application to the laser for optical disks, it is especially 
effective. 
[0016] 

[Means for Solving the Problem] The first manufacture approach of the AIGalnN system semi-conductor of this invention is 
characterized by forming a separation slot by irradiating pulse laser beam light at least at either among the crystal section 
of the AlxGaylnzN (x+y+z=1) system crystal constituted on substrates, such as sapphire, and the substrate section. 
[0017] Moreover, the second manufacture approach of the AIGalnN system semi-conductor of this invention is 
characterized by performing isolation by irradiating pulse laser beam light at least at either among the crystal section of the 
AlxGaylnzN (x+y+z=1) system crystal constituted on the substrate, and the substrate section. Especially, the exposure field 
and the non-irradiating field of pulse laser beam light are periodic, and it is characterized by a pulse laser beam **** 
exposure field including the resonator side formation field of a laser diode. 

[0018] moreover , the third manufacture approach of the AIGalnN system semi-conductor of this invention be characterize 
by irradiate pulse laser beam light in either at least among said separation slots , and carry out additional processing of said 
separation slot to the process which form a separation slot in the crystal section and the rear face substrate section of an 
AlxGaylnzN (x+y+z=1 ) system crystal which be constituted on the substrate . It is characterized by producing the 
resonator side of a laser diode directly by accompanying the separation slot formed according to the process including the 
process which irradiates pulse laser beam light especially, and irradiating production or pulse laser beam light to the 
resonator side of a laser diode by carrying out a cleavage. It is characterized by the manufacture approach of said AIGalnN 
system semi-conductor depending the separation slot formation approach by pulse laser beam light exposure on multiple 
photon process. 

[001 9] Moreover, it is characterized by the fourth manufacture approach of the AIGalnN system semi-conductor of this 
invention and component structure having the process which performs recessing to at least one side among a substrate 
front face or a rear face, and the process which produces an AIGalnN system semiconductor device on said substrate, and 
is characterized by modulating either [ at least ] the period of a processing slot, or the depth in a substrate especially. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail using a drawing, 
the growth approach of the AIGalnN system semi-conductor of this invention — MO VPE — it does not limit to law, and 
hydride vapor growth (HVPE law), a molecular beam epitaxy method (MBE law), etc. are applicable to all the approaches 
proposed until now, in order to grow up an AIGalnN system nitride semi-conductor layer. 

[0021] (Example 1) a component sectional view is shown in drawing 6 — as — first — MOVPE — law — the Lord of silicon 
on sapphire 601 — C side top — the GaN buffer layer 602, the n-AIGaN layer 603, the n-AlGaN cladding layer 604, the n- 
GaN lightguide, layer 605, and Ga1-xInxN/Ga1-yInyN (0<y<x<1) from — crystal growth of the multiplex quantum well (MQW) 
barrier layer 606 which changes, the p-GaN lightguide layer 607, the p— AIGaN cladding layer 608, and the p— GaN contact 
layer 609 is carried out. And a ridge stripe with a width of face of about 3 micrometers is formed on the p-GaN contact 
layer 609, and the both sides are embedded by Si02611. The n electrode 612 which consists of Ti/aluminum is formed in 
the front face etched until the n-AIGaN layer 603 exposed after that the p electrode 610 which consists of nickel/Au, and 
the part on a ridge stripe and Si0261 1. If the n electrode 612 is grounded in this component and an electrical potential 
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difference is impressed to ,the>p electrode 610, the n electrode 612 side to an electron will be poured in for a hole from the 
p electrode 610 side toward the MOW barrier layer 606 again, optical gain will be produced within said MQW barrier layer 
606, and the laser oscillation of an oscillation wavelength the band of 400nm will be started. 

[0022] Next, as the process sectional view of component production is shown in drawing 2 (a), a diamond cutter etc. is 
used, scribing is performed and the separation slot 23 is periodically formed in the rear-face side of silicon on sapphire 22. 
Spacing (period) of said separation slot 23 is about 700 micrometers of the optical-resonator length of a laser diode, and 
forms a slot in a straight line from the edge of a substrate to an edge. Moreover, the depth of said separation slot 23 is 
produced to thickness within the limits of silicon on sapphire. In addition, after forming said component structure, the 
thickness of silicon on sapphire grinds a substrate rear face so that it may become about [ total lOOmicrometer } thickness 
using a grinding machine. Next, as shown in drawing 2 (b), a pulse laser beam 24 is irradiated from the AIGalnN system laser 
structure crystal 21 side in the location corresponding to said separation slot 23, and a substrate is separated completely. 
However, after it is not necessary to make it penetrate to the direct separation slot 23 and it irradiates only the AIGalnN 
system laser structure crystal 21, a laser beam exposure applies the force to a substrate, may accompany the separation 
slot 23 and may break it. Moreover, even if the scan of a pulse laser beam moves a condenser lens and moves a beam, it 
may fix a beam, may hold a substrate on a stage etc., and may move this. Drawing.! is drawing (drawing seen from the side 
which gave AIGalnN system crystal growth) showing the condition of having irradiated the pulse laser beam and having 
formed the separation processing section 2 on the substrate 1 in which the AIGalnN system semiconductor laser structure 
which shows the 1st example was formed. In addition, as for a pulse laser beam, it is desirable not to irradiate about four 
laser cavity production part, as shown in said drawing 1 , but to form the part of an exposure / not irradiating, with the 
period of component width-of-face extent. If this accompanies the separation processing section 2 and the force is apply in 
case it produces the AIGalnN system laser bar 3 , as the process of said drawing 2 explained , since about four resonator 
production part which is not irradiating laser can accompany the separation processing section 2 , and it can be break easily 
and influence of laser radiation , it can realize the resonator side by which natural formation was carried out to atomic layer 
order . In addition, although the direction of the slot which irradiates a laser beam and forms it in drawing; 1 is the <11-20> 
direction of the sapphire which is a substrate, you may be the <1-100> direction. Furthermore, it is satisfactory even if it 
goes laser radiation for arbitration to a crystal orientation. Drawing 4 is a sectional view [ / near the resonator of the 
component formed by pulse laser beam exposure using said approach ]. Laser radiation is performed in the <11-20> 
direction of sapphire. Since 43 is formed with a sufficient precision the Mth page of sapphire, the surface smoothness of 
the resonator side 41 (Ath page in this case) of AIGalnN system laser is formed with very good and sufficient repeatability. 
[0023] In this invention, the peak wavelength of for example, a titanium sapphire system of the pulse laser to irradiate is 
near infrared rays, and pulse width uses the ultrashort pulse of several 100 fs(es). The cusp value power of the laser 
irradiated by using ultrashort pulse laser can be increased remarkably for a short time, according to a multiple-photon- 
absorption process, atomic association goes out and separation cutting of a substrate or the crystal is carried out by the 
strong laser power obtained for a short time (laser ablation). It becomes possible to reduce the damage by heat remarkably 
in the field which irradiated the laser beam by this. 

[0024] Furthermore, in this invention, even if it irradiates till just before (about several micrometers) near the resonator of 
the laser component produced by irradiating a pulse laser beam, recessing can be carried out, without giving a damage to 
said resonator. When recessing is conventionally carried out using a diamond cutter etc., recessing can be carried out only 
to the location which separated about 100 micrometers from the resonator of the laser component produced in order that a 
check and a defect may go into a slot periphery. For this reason, although the slot used as sufficient guide was not obtained 
when producing a laser bar, but it separated greatly [ in case the force is applied and broken ] on the way and the yield was 
reduced extremely, the marked improvement in the yield was realizable with this invention. 

[0025] In addition, although sapphire was shown as a substrate in this example, it is effective also about other Si and SiC 
which are generally used for the epitaxial growth of an AIGalnN system crystal, Mg203, GaN, and glass, and in the AIGalnN 
system substrate of a low defect which performed selection longitudinal direction growth using a mask further, it is not 
effective also until it says. 

[0026] (Example 2) The process which irradiates a pulse laser beam at the rear face of a substrate next is explained. The 
light source used for component structure, substrate thickness, and a pulse laser beam exposure is the same as an example 

1 • 

[0027] The process which irradiates a pulse laser beam at the rear face of a substrate at drawing 3 , and carries out 
separation cutting of the base is shown. As shown in drawing 3 (a), the pulse laser beam exposure 33 is performed and the 
separation slot 34 is periodically formed in the rear-face side of silicon on sapphire 32. Spacing (period) of said separation 
slot 34 is about 700 micrometers of the optical-resonator length of a laser diode, and forms a slot in a straight line from the 
edge of a substrate to an edge. Moreover, the depth of said separation slot 34 is produced to thickness within the limits of 
silicon on sapphire. At this time, it is in the thickness direction of a substrate, and a part (about 10-20 micrometers) adjusts 
the focus of a laser beam, and a substrate is made not to be processed by pulse laser light. Next, as shown in drawing 3 (b), 
a pulse laser beam 35 is irradiated from the AIGalnN system laser structure crystal 31 side in the location corresponding to 
said separation slot 34, and the separation slot 36 is formed. The pattern of the pulse laser beam exposure 35 shall be 
periodically performed, without irradiating the resonator edge surface part of the laser component to produce as shown in 
drawjngl like an example 1. Finally, as shown in drawin g 3 (c), the force is applied to the condition of drawing 3 (b), and a 
substrate is broken. 

[0028] since a pulse laser beam is irradiated from a substrate rear face side according to the process of this invention — 
the substrate thickness direction — setting — until [ of an AIGalnN system laser structure crystal and a substrate ] last- 
minute near the interface — since recessing can be carried out without giving a damage to said crystal section , in order to 
avoid the crack and the crack produced around the recessing section like [ at the time of using a diamond cutter etc. ] , it 
is not necessary to separate recessing from the interface of a crystal and a substrate . and it is markedly alike , and a laser 
bar can produce with the sufficient yield . 

[0029] Even if this invention uses for substrates other than sapphire, the effective thing is the same as that of an example 
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[0030] (Example 3) As shown in drawing 8 (a), photolithography, a dry etching process, etc. are used for the sapphire C side 
substrate 81, and recessing 82 is performed. The thickness and the diameters of all of the used substrate are about 400 
micrometers and 2 inches, respectively. Recessing is performed on a straight line along <1-100> and the <1 1-20> direction 
of sapphire, and a substrate periphery makes spacing of a slot and a slot dense, spacing of a typical slot and a typical slot - 
- for a substrate core, about 500-1000 micrometers and a substrate periphery is [ the channel depth of a flute width ] 
about about 5-100 micrometers in about 1-3 micrometers at about 50-100 micrometers. In addition, recessing may produce 
by performing a pulse laser beam exposure. 

[0031] The AIGalnN system laser structure which shows a sectional view in drawing 9 using said processing substrate is 
produced. A GaN buffer layer is minded [ who has the opening 902 which performed recessing first shown in said d rawin g 8 

(a) by the MOVPE method / of silicon on sapphire 901 ] on C side, the undoping GaN layer 903, the n-GaN layer 904, the 
n-AIGaN cladding layer 905, the n-GaN lightguide layer 906, and Ga1-xInxN/Ga1-yInyN (0<y<x<1) from — the multiplex 
quantum well (MOW) barrier layer 907 which changes — Crystal growth of the p-AIGaN/GaN superlattice cap layer 908, 
the p-GaN lightguide layer 909, the p-AIGaN/GaN superlattice cladding layer 910, the second contact layer 91 1 of p-GaN, 
and the second contact layer 912 of p-GaN is carried out one by one. And a ridge stripe with a width of face of about 3 
micrometers is formed on the second contact layer 912 of p-GaN, and the both sides are embedded by Si02914. The n 
electrode 915 which consists of Ti/aluminum is formed in the front face etched until the n-GaN layer 904 exposed after 
that the p electrode 913 which consists of nickel/Au, and the part on a ridge stripe and Si02914. If the n electrode 915 is 
grounded in this component and an electrical potential difference is impressed to the p electrode 913, the n electrode 915 
side to an electron will be poured in for a hole from the p electrode 913 side toward the MQW barrier layer 907 again, 
optical gain will be produced within said MQW barrier layer 907, and the laser oscillation of an oscillation wavelength the 
band of 400nm will be started. 

[0032] When crystal growth of said component structure is carried out using the silicon on sapphire which performed 
recessing with a modulation period as shown in drawing 8 (a), very big effectiveness is to reduce the curvature and crack of 
a substrate, as shown below. That is, as shown in draw ing 7 R> 7 (b), on the opening 76 given to silicon on sapphire 74, the 
AIGalnN system laser structure 75 carries out longitudinal direction growth, and since it joins together smoothly by the 
bond part 74, the crystal surface smoothness on the front face of a component is secured. Furthermore, in a substrate 
periphery, the processing period of recessing is shorter than a substrate core, since an opening exists more densely, the 
stress produced between silicon on sapphire 74 and the AIGalnN system laser structure 75 in this field is eased, and the 
crack of the crystal section brought about by curvature, deformation, and also these is reduced remarkably. Consequently, 
since the location gap with a photo mask etc. was lost when carrying out crystal growth of said component structure using 
the substrate of a 2 inch system, using photolithography etc. for this and forming the ridge stripe of laser, when mass- 
producing, it turned out that it can produce with the very sufficient yield. Furthermore, as shown in an example 1 or an 
example 2, when producing a laser bar, even if it was, when the curvature of a substrate and deformation were abolished 
using this invention, it became clear that a laser bar was remarkably producible by the high yield. 

[0033] Concentric circular [ with which the perimeter of a substrate was more densely got blocked as shown in drawing 8 

(b) ] is sufficient as recessing of silicon on sapphire. In this case, deformation by distortion can be controlled more over the 
whole substrate. Furthermore, if recessing is performed only along a specific direction as shown in <1-100> and <11-20> as 
shown in drawing 8 (c) for example, since distortion of a direction perpendicular to recessing is eased rather than a parallel 
distortion, it is realizable to apply different direction distortion stress intentionally in the c-th page, by distortion, the band 
structure of an AIGalnN system crystal will be changed and the luminescence property improvement of laser will be 
attained. 

[0034] Moreover, since a substrate periphery is eased more when a substrate periphery makes the depth of recessing deep, 
said depth modulation is effective to the curvature of a substrate, or deformation like the case of a periodic modulation 
[0035] 

[Effect of the Invention] As explained above, according to the first manufacture approach of the AIGalnN system semi- 
conductor of this invention By irradiating pulse laser beam light and forming a separation slot in either at least, among the 
crystal section of the AlxGaylnzN (x+y+z=1) system crystal constituted on the substrate, and the substrate section It is 
possible to produce the separation slot cross section which could realize recessing faithfully along the crystal face of said 
substrate and an AIGalnN system crystal, and was extremely excellent in surface smoothness. 

[0036] Moreover, according to the second manufacture approach of the AIGalnN system semi-conductor of this invention 
By performing isolation by irradiating pulse laser beam light at least at either among the crystal section of the AlxGaylnzN 
(x+y+z=1) system crystal constituted on the substrate, and the substrate section the case where isolation became faithful 
** possible in the crystal face of said substrate and an AIGalnN system crystal, and this process is applied to 
semiconductor laser — very — high — it becomes producible [ a yield laser diode optical-resonator end face ]. 
[0037] Moreover, according to the third manufacture approach of the AIGalnN system semi-conductor of this invention The 
process which forms a separation slot in the crystal section and the rear-face substrate section of an AlxGaylnzN 
(x+y+z=1) system crystal which were constituted on the substrate, Production of a very flat laser diode resonator side 
becomes possible at the high yield by irradiating pulse laser beam light in either at least among said separation slots, 
carrying out additional processing of said separation slot, accompanying the separation slot irradiated and formed and 
carrying out the cleavage of the pulse laser beam light. Especially the separation slot formation approach by said pulse laser 
beam light exposure is not based on multiple photon process, and is not dominant, and since association of the atom which 
constitutes a crystal for a short time can be cut without damaging the substrate and crystal which constitute a laser diode, 
the light emitting device excellent in dependability is realizable. [ of a thermal process ] 

[0038] Moreover, according to the fourth manufacture approach of the AIGalnN system semi-conductor of this invention, 
and component structure After performing recessing which made at least one side modulate a period or the depth in a 
substrate among a substrate front face or a rear face, by producing an AIGalnN system semiconductor device on said 
substrate Heat distortion generated between the substrate which constitutes a component, and said AIGalnN system 
crystal can be reduced, and a quality component without curvature, deformation, a crack, etc. can be realized. 
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* NOTICES * * ' " * 

JPO and NCI Pi are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the separation slot formation pattern by the pulse laser beam exposure on the substrate in 
which AIGalnN system component structure was formed 

[Drawing 2] (a) Process drawing of the separation slot formation by pulse laser beam exposure 

(b) Process drawing of the separation slot formation by pulse laser beam exposure 

[Drawing 3] (a) Process drawing of the separation slot formation by pulse laser beam exposure 

(b) Process drawing of the separation slot formation by pulse laser beam exposure 

(c) Process drawing of the separation slot formation by pulse laser beam exposure 
[Drawing 4] The component sectional view formed by pulse laser beam exposure 
©rawing 5] (a) The component sectional view formed by the conventional scribing method 

(b) Drawing showing the separation slot formation pattern formed by the conventional scribing method 

[Drawing 6] Drawing showing the AIGalnN system component structure where the process of this invention was given 

[Diiawing jj ( a ) The silicon-on-sapphire top AIGalnN system component sectional view by the conventional method 

(b) The silicon-on-sapphire top AIGalnN system component sectional view by this invention 

[Drawing 8] (a) Drawing showing the processing pattern to the substrate top by this invention 

(b) Drawing showing the processing pattern to the substrate top by this invention 

(c) Drawing showing the processing pattern to the substrate top by this invention 

[Drawing 9] The AIGalnN system component sectional view using the processing substrate by this invention 
prawjngj^ The AIGalnN system component sectional view using the processing substrate by the conventional method 
[Drawing 11] (a) The structure section Fig. of the GaN crystal using the mask substrate by the conventional method 
(b) The structure section Fig. of the GaN crystal using the processing substrate by the conventional method 
[Description of Notations] 

1 Wafer Produced [ AIGalnN System Laser Structure ] 

2 Separation Processing Section Using Laser Beam 

3 AIGalnN System Laser Bar 

4 AIGalnN System Laser Cavity Production Part 

21 AIGalnN System Laser Structure 

22 Silicon on Sapphire 

23 Separation Slot 

24 Pulse Laser Beam Exposure 

25 Separation Slot 

31 AIGalnN System Laser Structure 

32 Silicon on Sapphire 

33 Pulse Laser Beam Exposure 

34 Separation Slot 

35 Pulse Laser Beam Exposure 

36 Separation Slot 

41 AIGalnN System Laser Cavity Side 

42 Sapphire C Side 

43 Mth Page of Sapphire 

51 Mth Page of Sapphire 

52 Mth Page of AIGalnN System Laser Crystal 

53 Ath Page of AIGalnN System Laser Crystal 

54 Sapphire C Side 

55 Wafer Produced [ AIGalnN System Laser Structure ] 

56 Separation Slot Using Diamond Cutter 

57 Crack and Blemish of Separation Slot Periphery 

58 Laser Cavity Production Part 

71 Sil icon on Sapphire 

72 AIGalnN System Laser Structure 

73 Field Where Deformation and Stress are Large 

74 Bond Part 

75 AIGalnN System Laser Structure 

76 Opening 

81 Silicon on Sapphire - — - - - - • - - - - — - — • - • - • 

82 Recessing 

83 Silicon on Sapphire 

84 Recessing 
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85 Silicon on Sapphire • , 

86 Recessing 

601 Silicon on Sapphire 

602 Buffer Layer 

603 N-AIGaN Layer 

604 N-AIGaN Cladding Layer 

605 N-GaN Lightguide Layer 

606 GalnN/GaN-MQW Barrier Layer 

607 P-GaN Lightguide Layer 

608 P-AIGaN Cladding Layer 

609 P-GaN Contact Layer 

610 P Electrode 

611 Si02 

612 N Electrode 

901 Silicon on Sapphire 

902 Opening 

903 U-GaN Layer 

904 N-GaN Layer 

905 N-AIGaN Cladding Layer 

906 N-GaN Lightguide Layer 

907 Barrier Layer 

908 P-AIGaN/GaN Superlattice Cap Layer 

909 P-GaN Lightguide Layer 

910 P-AIGaN/GaN Superlattice Cladding Layer 

91 1 Second Contact Layer of P-GaN 

912 First Contact Layer of P-GaN 

913 P Electrode 

914 Si02 

915 N Electrode 

1001 Silicon on Sapphire 

1002 Buffer Layer 

1003 N-AIGaN Layer 

1004 N-AIGaN Cladding Layer 

1005 N-GaN Lightguide Layer 

1006 GalnN/GaN-MQW Barrier Layer 

1 007 P-GaN Lightguide Layer 

1008 P-AIGaN Cladding Layer 

1009 P-GaN Contact Layer 

1010 P Electrode 

1011 Si02 

1012 N Electrode 

1101 Silicon on Sapphire 

1102 GaN 

1103 Si02 

1104 GaN Layer 

1105 Field with Few Rearrangements 

1106 Field with Many Rearrangements 

1107 Silicon on Sapphire 

1108 GaN 

1109 Opening 

1110 Field with Few Rearrangements 

1111 Field with Many Rearrangements 
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12 (b) J: 3 IZ, A I G a I n N^U— ifjgil 

3SJI2 1 fffrS/^XU- tf fcf— A 2 4*mTlB»»ai2 

3lc»J6-r*tt«lcBMtL. »tt$«±fc»M^-* D fc 
f£ L U— »f e— ARMtliltft 2 3 *"C Jta*#fc 

<TtK, A I Ga I n N^U— if Maftfeft 2 1 f£ft 
f=M*tLfc*. »SlcASJniAT»Mai2 3lr«oTll 
oTt^LV ffc/^XU- If AOX+^M*. a 

lSLI«SXf-5*i:«»L:nS»»Sttt,fi 

l\> H 1 I4» 1 CDSJg^J^TFf A I G a I n N Jfk^mft 

Is— if*it*^Lfc*ffi1 ±fcfclxr/^UXU— if tr 

(A I Ga I n N S«a*«SJ6 LfcW^&afcH) T? 

feSo Ste/^x if fcf— Af±|frlBH 1 (ctf-TJ: o [z 
U-if*fiSft»ffl»4ifi«lcttSB|tiJr-r. M^WSS 
0)MM-C!HW/*IBWa)»»*»fitr-&^i:4<SI*L 

l^o C+tliSiTlBgl2CDXa-eittB^Lfcck5lCA I Ga I 

n n $ i^-nf /\*- 3 £ fES-T -Sl^lc^Stiraxgp 2 ic^o 
^ 4 ifiig t ^Miraxgp 2 less o r §a iciiis c t tfx- £ 

u-+f BgsttDRssaitttt^ris^MJt— -c 

fc^if 3?r-r T(D< 1 1 -2 o>:£[aj-cfc£#. <1- 

1 oo^tfeottSUo Hlcu— ifj«»*fi*ic 
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ifi«i=isi+4KBB-c*&. u— - ^mmtv-VT^ to 

< 1 1 -2 0>^3fS]|r^T5o 1f77^7Mi4 3^S 
a<JK^3?ttS<DT?. A I Ga I n N^U— if<7)^g3§ 
141 (C<D»«AB) (D¥«tt*<a«)Tft»l=. 

WBM4A<»J***i*. 

[0 0 2 3] *SIBJlcfci>r. R»tfi/^^l/-1ftt 
x% /</ux«i4Bi oo f s<7)®$i/N s ;ux£ffli^o fi 

$I/\MUX +f £ - £ T-BBIfT 4 if (D^BUI 

i^t^u— ->a» o cnicj: y u— if tr— ASiittL 

[0024] Mfz^sswizfeu-c* /^u- tffcf — A 

«#y«?y («/ime«) *t?b»lt*s atjie^iis 

fctttf**PB*<AoT L*5fci6lc^SS[-r*U— if*^ 
(DftlS^b 100// mgj£gltifc{iM^T L^JtiJUX 

#<^*tr*B*y*aM»c«T*#rt^fcA<. 

re* yttna>»B*yi4±tfX9re*fc. 
[0 0 2 5] fcfc*stiE«ica3i*Ti4*tti it^77 

^TS^lfc^A I G a I nN^ 0 B a 0Xt e ^+v^Jl/ 
J*ftl3HftlCjBl**<fea>S i , S i C, Mg203, Ga 
N, #^Xl||::O^Tt,^5»-Cfcy . 

fc«IR«*filJ**6fT0fc«*iaa>A I G a I n N^S 
[0 0 2 6] (HSS#J2) JfclC/^UXU— »f tf— A£S 

[0 0 2 7] H3(c/<;uxu— if e— A^fttecDS®!^ 

RN L»i* »««Rt 518* St. S3 (a) iZTjk 

fcfeaic. -9-^T-fT*l£3 2CDS®fii]fz/<;uxu— if 
e-AR«3 3S*L»«3l3 4£HJHttlC»/sM-*. 
*rB#«»3 4<DMHI (BJH) l4U-if*-f*— K<D3fc 

»tt<tf»#*ftlfZXAr— » (T0-2 0jumIg) I4U 
-if 3fc<D ? * - * X SUB* It/ \°;UX U— if * 

( b ) l^fcfe 5iZ % AIGalnNg U— if 



3 1 flOri^/^UX U-iffcf— A3 5£mE*MHl3 4l= 

if e— aiw3 5cd/<^— >ttsi«s«i tm&m i 
iz^-ray. u—*f**a>*«««ia5»ir»s:HB 

»*ri=«»MWT5 ttDh-r** ItCi3 (c) lc 

[0 0 2 8] **M(DXai=J:*Ltf»«KB«35^6/<;U 
XI/- if tf— A«H4tt«0>T*. S«J1^ISJIC*51XT 

A I Ga I nN»U-1faaeafc»«i:a>J|lBifi«# 

y # y * r* s i z ^ * - s? £ * tl a c t a < ssan 

[0029] **M6<-y-^T-< TJa^a)*«icffl^r* 
fc & - 1 \zmm.w i ic @«"t? £> £ «, 

[0030] (HS6WI3) g|8 (a) \Z^ & o \Z~* Z? 
7^7C@Ii8 1 \Z7* h 'J Vy57-f- K^-f X 
^>^:7a*X*£m^T3lJraX8 2£S£-*- p 

±gl4**l^*l|& 400/i m&tf 2 -f > 

f-c&i)o jsaoxtt-y- 77^f70)< i - i oo>ai/< 

1 1 -2 0>*fill::»oTE«±lciSU S«ia^SPI5 
fc*aii:Sli:a>IBW*Blc-r*. »fflWtt»i»£©MHI 

14. «« + 'b»te 500-1 000/i majg. ttffiJf 52 
»I45 0~1 0 0/imgS"C, -3/imgf 

I*/ <;UX U--*f f— A BM o Tft« L T t J: l> 0 

[0 0 3 1] BUfB*DXS«^ffll>rg|9(Z©T®gl^S-t 
A I Ga I n N ^ lx-if 1tig ^ f^S"t >5 o JfMOVP 

E&lciy Stress ( a ) lz*Lfc3llinx*JSLfcBB 

9 0 2^%t^77^f7*fi9 O 1 CDifCC®±IZG 
a N/\ t 777-l^LT7> K — ^G aNf903, 
n-GaNf904, n — AIGaN^77 9 0 
5. n-GaN3t^VKl9 06, Ga1- X i n x N/G 
al-yl n y N (0<y<x<1) ^bffi4*Ii?# 
P (MOW) SM9 0 7. p - A I G a N/G a N^S 
ft^-W^lQOS, p-G a N3fc:tfy KJ19 O 9 „ 
p-A I GaN/GaNgft^7^ Kl9 1 O, p- 
G a N^-=J>^^7 h!9 1 1 . p — G a NfZa >^ 
^> KJ19 1 2*W*tSftfitfi-r4. f Ltp-GaNf 
X=J>^^7 hH 9 1 2±\Z$g3 /imfSSCOy ^v?X h ^ 
-f ^jWBJSfcSJu -t(DBfflttS i 029 1 4lCj:oTii 

^as^^o -to)«y '>v^x h^^r^fcct^s « 029 

1 4±lzm*HM i /Au^b«6p»a9 1 3. ^fc 
— SU^ n-G aNl9 O 4^I{±itl)ttX7f 
fcaffilC«itf T i / A I ^bWnfg9 1 5*<©fiE 
**fl:fel\tnM9 1 S^fgifeL. pll 
9 1 3|cmE^EP»Q-t-5i:. MQW;S14H 9 0 7 CijS]^ 
oTptS9 1 3<PJj^b^— ;U/)<. £fcnl!*l9 1 5 fti) 
^6«^5£X**l. «[EMQW5Sttl9 0 7rtt?*¥ 



(6) 



ftmz O 0 3-1 7 7 9 0 



W&£±£* *fiS6fi 4 0 0 n m»0) I/— »f*fi*iSC 

to 

[0032] ms (a) £ ? u^mmmz^ Ltz 
£««*-sa>i::«toT**ft»SA<&5o -f ftt>^. a 

7 (b) l^-TJ:5l^-y-^T-<T*ffi7 4I^J£LfcSI® 
7 6±T*I4A I G a I n N|l/- «f4tit7 5 tfmJjfafR 

7 4 tA I G a I nN*l/-1fiS7 5 fc(Dl»l::£ 

56W£ffli*T*«<DK y <ttSL < 

[0 0 3 3] *77-f 7*ttO>aMDXI** 08 (b) \Z 

s-r«t5ic*siBHa«fcy«i=-3*ofcBi*bR*Tfta 

t?4o IC18 ( c ) \Z7jk^-£o \zmz-t£< 1-10 

0><^<1 1 -2 OXDcfcdf^^^O^fRjO^-l^^oT 

3tanx£lfil±li. SIJiDXfcSltftSiRKDffi^A^fr^Rl 
(Dl^ck y t£IS]£*t£tf>T* c Srtdfcl^TS^faft^ 

A I G a I n N^*£ll<7>/<> KiltKi U— W>«* 
[0 0 3 4] *fc5i3!inxa)3ISS*»««iatfr5i:aE<-r 

5ctiCcfcy»««5aspA^<k ya«s*t4o>T. strffias 
$ KHi*fl)iiiKB0tt* t H»i::aME<DK y ^>flcx»i=H 

[0 0 3 5] 

&L£tltzA l x Ga y I n z N ( x + y + z = 1 ) ^$£A 

-If tf— Apt SIltLT * z t \z ck y . 

[0 0 3 6] £fc. *SEBJ3tf)A I G a I n NS*¥-SH*0> 
»X<D»a*SSlr«t+Ll<* a&K±M:*J***l*=A l x G 
a y In z N (x + y + z = 1) ^fSAftSSAffi&tf ttffi 



StfA I G a I n NSttAC&ttAElCJSjtfto T3RT-# 

«A<RTIBfcfty. Lfr*§ 
«Stf>T Jt#BS y ft U— KJtKIHKD 

[0 0 3 7] *fc % ##|BjJ<7>A I G a I n N 3MMM*0> 
mHCBSii^&l^cfctilS* »tt±K**ft**lfcA l x G 
ay I n z N (x + y + z=1) %&A0@AfiP&tfftB 

»s«i*»iiai^»rt-r*xafc. wnB»«at<DM** 

Lr»*Lfc»«3llcSoT^#BB-rS^tl=«fcy. a 

yt? prist ft*. t$ir. MiE/^;uxu— Aatfisi* 
iz & ^mmBj&^mt^zft^j&miz * s t^tM* 

ttxtffSASSHWft - 1 ft < fiftnictgASflt rt-r & 

[0 0 3 8] $fc. *#§Bjj<DA I G a I n N^ittO) 

j3l^r*B*'&fc3iaxS«Lfc*. IuIBSffi±lCA I 
Ga I n N%k*m&m*<Dtt&$?f : 5Zt\Zj:y % 
Zmtfli-Z^fiitmEA I G a I n N 3U«A t Om\Z% 

£-r*»»**«*T?#* sy. *»;Ri;$5^**a> 
ss i ^ p° a s ft m+tfnmv # * 0 

[g!S^ffi*ftUiB^] 

[Hi] A I G a I n N SfS^tfHI £ L f:Sffi±C 

[02] (a) /n^XU- *f e-ABMtl=J:*»ll3l» 

( b ) /^U* e-ABR»lc J: «»K3l»*a)xa 
0 

[@3] (a) /<)\,*is-^\d-Amm\z < i:z>ftumm 
jscoxaa 

(b) /N°;uxu-if if-AiH»iCcfc*#«ai»*<Dxa 

m 

(c) /<;uxu— tf f-Ara^ic^s^gt^ffioxa 

[04] /^UXU-if AfigttlCj: yMLfcl^R 

[15] (a) ft*<D*<??4\i>trmz&yKmLtz 
(b> s£*<dx£^ e>yaic<fcy»fiRLfc»«iai» 

[B6] *f£BA<DZfn-bX£mLtzA I G a I n N^fjt 
[0 7] (a) a*S£lCct*-y-7 7-f 7*tt±A I G a 
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(b) #*Wl3cfc41f ?7"f 7ttl£±A IGalnNl 
[08] (a) *ftmiZ&&&Vi±'^<Mn2L'<2—>& 

(c) *5BKlCcfc4S«±^<D*nx/<^— >&&-?m 

[09] *^B^|Z c t:i>*^XSffi^ffll^fcA I G a I n N 

[01 0] ^^jilCcfc^jtaXSffi^ffll^cA I G a I n 

[011] (a) ft^&I^^X^fiffi^J^fcG a 
SSH<DS;tK®0 

at 



(b) ftSfe&IZcfc^taXttffi^ffl^fcG a N$g a B B C7) 
K®0 
[ft^OlfcfE] 

1 A I Ga I n N^U— ifSatfESg^X/N 

2 u— tfe-A^fflLNfc»itiaxgp 

3 A I G a I n N%kls— if A— 

4 A I G a I n N & U-^fiH fEtHSBtt 
2 1 AIGalnNl U— tf « it 

22 ^77-<7lS 

2 3 »8t« 

2 4 U— tF tf— AfigU 

2 5 #JB£ 

31 AIGalnNl U— if Stat 

3 2 *7 7<7»fi 

3 3 / U— if If —ABBS* 

3 4 ft** 

3 5 / *;ux u— if tf — a mat 

3 6 

4 1 AIGalnNl U— if ftSHS 

42 if "7 7 7 CM 

43 if?7-<7M® 

5 1 if 7 7 < 7MI 

52 AIGalnNl U— if $£HM® 

.5 3 A I Ga I nNSU-fSS 0 B a A@ 

54 ^77>T7CI 

5 5 A I G a I n N %. Is— if fltttftB*^ X/ \ 

5 6 £V 7^E> K*^*-£ffll>fc 

5 7 ^gt?f]ii2gP(DUL^i»JttSl/« 

5 8 U-if *m&ttSl®ft 

7 1 if ^T^Tttffi 

72 AIGalnNl U— if Sit 

7 3 S®Xl/J6*i<**l*«tt 

7 4 SS^SP 

7 5 A I G a I n N 1 U— if Sat 

7 6 £Rg 

8 1 if ^T-f 7Sffi 
8 2 /^AQX 



6 0 2 
6 0 3 
6 0 4 
6 0 5 
6 0 6 
6 0 7 
6 0 8 
6 0 9 
6 1 0 
6 1 1 
6 12 
9 0 1 
9 0 2 
9 0 3 
9 0 4 
9 0 5 
9 0 6 
9 0 7 
9 0 8 
9 0 9 
9 10 
9 1 1 
9 12 
9 13 
9 1 4 

9 1 5 

10 0 1 
10 0 2 
10 0 3 
10 0 4 
10 0 5 
10 0 6 
10 0 7 
10 0 8 
10 0 9 
10 10 
10 11 
10 12 
110 1 
110 2 
110 3 
110 4 
110 5 
110 6 
110 7 



8 3 if37T-fT»4£ 

8 4 5g*DX 

8 5 if^T-fTttffi 

8 6 5SJJDX 

60 1 if^r-TT*te 

/\ f 777l 
n -A I GaN 
n-A I G a Nt^v KJ1 
n-G a NytjiJ KS 
Gain N/G a N-MQWSttI 
p-G a N&tf-f KH 
p — A I GaN?77 HI 
p-G a N=J>£^ k 

pti 

s i 02 



^ ? K 



n Eg. 

if^T>TTS*S 

u — G a N 
n — G a N 

n-A I GaN^7'> KJ 
n-G a N#;tf>r KH 

p — A I G a N/G a N 
p-G a NftJi'C KH 
p -A I G a N/G a N 
p -G a NlZ=J>$^7 h 
p -G a Nl-n 1 hH 
pflMl 
S i 02 
n Hfil 

■!t77-<7Sffi 

/N*777l 

n — A I G a NJS 

n-AIGaN^77Fi 
n-G a Nftji* KH 
Ga I nN/GaN-MQWSttl 
p-G a N3t2f-f KH 
p-AIGaNi77';K 
p-G a Na>££ k 

pH4S 

S I 02 
n Hfii 

if^T-f T*« 
GaN 
S i 02 
G a NJ1 

»77-f rasa 



• l 



r 

• ■ 
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110 8 G a N 
110 9 3 



1110 te(ao)^fti>fi« 

1111 gfio^i^ 



[an 



2 L/— »f tr-Ag«t^^istrax^ 




1 AlGalnN^L/— tfmSf^«^OiA 



4 AlGaInN*l/-1J*IS3*#»*P^ 



3 AlGaInN^L/-+fK- 



[U2] 



[03] 



(a) 



(a) 



21 AlGaInN#L/-1f*36 




31 AIGalnN^U— Sf»S 




22 «*7:p<:p£4£ 



23 *mm 



( b ) 



( b ) 



24 rtUI;- JfE-AM* 



33 KAXl/— iffcr-AMt 

34 32 



35 SfE-AIHIt 36 MM 





( c ) 



25 #!B$ft 




• (9) 



it 
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[14] 



[05] 



VlyjyCM 42 



41 AlGalnN* 



(a) 




43 n??<<yYm 



52 AlGalnN^L/— tm&M® 



H"P7-C7Cm 54 




V?j"C7Mm 51 



53 AIGalnNS* 



( b ) 




56 $r<v*^Ka**-««iifc«i«i 



57 sflifcaaaHDu train* fi 



55 AlGalnNff 



58 U— ^fiSff^ 
57 AlGalnNXls-lf/f- 



P^ffi 610 



[06] 



iD2 Gil ^ Jq ^ 




609 P-GaN3V5?9h* 

608 P-AlGaNS5* K* 



607 P-GaN*:tf<<K« 

} 606 GaInN/GaInN-MQW7&1±« 
605 n-GaN*#YKtf 

604 n-AIGaN«*K« 
603 n-AlGaN« 

602 l\v?yM 



(a) 



(b) 



601 tf:7 7-f7ME 



imsi 




81 



8 2 fcinx 




8 3 V?7<<ymGL 



8 4 ifctiDX 




i 
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[07] 



[01 0] 



< a) 



72 AIGalnN^t/— if«3S 




( b ) 



1010 



S102 101 1 



73 U3M« 



74 7 4 





74 



1009 P-GaNn^SOhfi 

1008 P-AIGaN95vKfl 

fc_1007 P-GaN*ff<K* 

1006 5§te* 
1005 n-GaN*#-<K/§ 

1004 n-A!GaN03v K 

1003 n-GaN* 

1002 n»?7m 



1001 tf^y-f^lS 



7B SBft 



[El 9] 



PiS 913 



Si02 914 




912 P-GaN^-D^90K« 

911 P-GaNiS— ^90 htf 
910 P-AlGaN/GaNiS«^9 5* KJB 

909 P-GaNife^J-fK* 

908 P-AlGaN/GaNS«^4=-c5/7* 



907 

906 n-GaN^fctf^KJl 
905 n-AIGaN25* K* 
904 n-GaNS 
903 u-GaN* 



901 



902 *l 



i 

»1 
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[H 1 1 ] 



1 103 Si02 



1 1 06 




1 104 GaN* 



1 102 GaN 



1101 ^Z)7<y%^k 



(b) 

1111 m&A^um 

1110 

1108 GaN* 




1107 V?J"(7mWL 



1109 ffiBt 



*BElSnJlr1i**nK1006#* 1ST 



F £ — A (##) 4E068 ADOO CA03 DA10 

5F041 AA41 CA40 CA76 
5F073 CA17 CB05 DA31 DA34 
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